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PraDULUM  WITH  LIQUID  ITLLER-IWSTRUICDIT  TO  DEMONSTRAra 
DIURKAL  ROTATIOW  OF  THE  EARTH 

By 

7.  Ta.  Oarrik 

Evidancas  of  tha  rotation  of  tha  Earth  ara  haaad  on  tha  faot«  that  any  body^ 
moving  ralativaly  to  tha  Earthy  la  affaetad  by. tha  Coriolis  foroaj  with  which  la 
takan  into  oonaidaratlon  tha  affaot  of  Earth* a  rotation  on  tha  ralatlva  movamant 
of  body,  Tha  affaot  of  Coriolia  foreaa  liaa  in  tha  faot^  that  a  body,  moving  on 
the  rotating  Earth,  will  althar  davlata  in  diraction,  parpandioular  to  tha  in¬ 
stantaneous  value  of  it  a  ralatlva  apaad,  or  exert  a  proper  praaaura  on  tha  con¬ 
nection,  This  affect  la  most  olaarly  damonstratad  in  tha  behavior  of  moving  liq¬ 
uids,  exerting  a  praastira  on  solid  body  walls  tangent  to  them  in  direction  of 
action  of  tha  Coriolia  foroa  (so-called  Bear  law).  Consequently  it  is  natural 
that  the  .use  of  moving  liquids  is  amployad  in  damonatration  inatrunants.  But  in 
the  Qrammal  review  1  among  numerous  azanplas  of  azparimantal  proof  of  tha  diurnal 
rotation  of  tha  Earth  there  is  a  single  axaBq>la  of  a  hydraulio  axparlmant  (par, 

10,  p,336)  of  Paro  and  Komba,  baaed  on  tha  law  of  surfaces  in  application  to  liq¬ 
uid  flows, 

A  pendulum  novas  \mdar  tha  effect  of  a  gravitational  foroa,  due  to  tha  mass 
of  the  Earth,  Its  movement  also  raflaota  tha  Coriolia  foroa,  due  to  diurnal  ro¬ 
tations  of  the  Earth,  Tha  latter  la  ralativaly  low  as  result  of  low  angular  vel¬ 
ocity  of  Earth's  rotation.  The  movaaant  of  tha  pendulum  is  promoted  by  combined 
actions  of  two  forces,  not  depending  upon  tha  axparimantator,  of  terrestrial  ori¬ 
gin  i  gravity  and  Coriolis,  To  damonatrata  tha  diurnal  rotation  of  tha  Earth  tha 
problem  consists  in  tha  creation  of  panduluna,  aanaitiva  to  tha  action  of  Coriolia 
force. 

It  is  possible  to  sugfsat  panduluna  with  solid  lead,  intzodxicad  by  fSiko  and 
2 

Pomekhohov  ,  The  visibla  diaplaoancnt  of  tha  pandulun  with  raspaet  to  tha  Earth 
is  observed  as  a  rotation  of  a  rolling  anrfaoa  at  oenatant  angular  apaad  (Fuko 
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pendultun)  or  with  variablo  (Poshtkhonov  panduliim). 

To  succecsfulHy  obsorve  the  effect  are  needed  Fuko  pendulxune  of  larger  dimena- 
ionB,  And  eo^  the  Paris  Fuko  pendulum  is  6?  m  long  and  weighs  (a  load)  28  kg^  the 
Leningrad  unit  is  96  m  long  and  has  a  load  of  34  hg«  The  preparation  of  unique 
Cardan  suspensions  of  demonstration  pendulxms  enabled  to  reduce  their  length  to 
several  meters  (at  a  load  of  about  30  kg).  And  so^  the  Fuko  pendulum  of  the  Ifosoow 
Flanetarixun  is  4.6  m  longj  of  the  Volgograd  and  Leningrad  Planetariums  -  about  7  m. 

The  Foshekhonov  pendulum  represents  a  bar  with  weights  and  frame^  capable  of 
rotating  about  an  azimuthal  axis  in  direction  of  Earth's  rotation. 

Pendulums  with  solid  loads j  introduced  at  various  times  by  Fuko  and  Poahekho- 
novj  due  to  structural  and  operational  difficulties  havs  not  attained  broad  appli-  i 
cation. 

One  of  the  ways  of  Increasing  the  quality  of  pendulum  instruments^  intended 
to  demonstrate  the  diiumal  rotation  of  the  Earthy  is  the  use  in  then  of  non-wet- 
table  liquids  with  free  surface.  Experience  shows^  that  the  sensitivity  of  the 
Puko  pendulum  to  the  effect  of  the  diurnal  rotation  of  the  Earth  (at  unchanged 
weight  of  load  and  length  of  suspension)  rises  sharply  when  the  solid  load  is  re¬ 
placed  by  a  compound  loadi  solid  flask^  partially  filled  (to  the  middle)  with  a 
heavy  non-wettable  liquid.  The  observed  rise  in  demonstration  qualities  of  euch  a 
penduliim  is  explained  by  the  fact^  that  its  load  consists  of  masses,  differing  in 
their  state  of  aggregation  (liquid  cmd  solid  body),  which  under  the  effect  of 
Coriolis  forces  do  behave  differently.  This  difference  lies  in  the  faot  that  dur¬ 
ing  the  displacement  of  the  center  of  mass  of  the  solid  body,  the  disposition  of 
atoms  (or  molecules)  of  the  body  relative  to  it  remains  luiohanged.  In  liquid  it 
may  change.  That  is  why  the  use  of  a  combined  liquid-solid  load  in  a  pendulum,  in¬ 
tended  to  demonstrate  the  diurnal  rotation  of  the  Earth,  allows  to  utilize  a  par- 
ametric  pendulum  with  liquid  filler,  distinguished  by  aocesslblity  (in  oomparison 
with  Fuko  pendulum)  and  simplioity  (in  comparison  with  Foshekhonov  Pendulum), 
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Uhdtr  th«  tff«ot  of  tho  Corlolia  oeaponont  forot  of  iaortia  tho  fillor  por- 
lodloallyi  with  a  frtquonoy  of  pondulua  oooillationa^  ohan^a  Ita  form  within  tha 
shollf  rotainlnir  ita  Toluna  unohangad*  Tha  forn  and  roluaa  of  tha  ahall  ranain 
unohangad,  Tha  flllar^  following  tha  movamant  of  tha  pandulum^  ia  diapl^oad  in 
tho  ahalij  trying  to  aituata  ita  fraa  surfaea  parpandioularly  to  tha  instantane¬ 
ous  value  of  tha  diraetion  of  tha  gaomatrlo  auo  of  gravitation  and  Coriolis  forces 
forces^  and  tha  eomponant  load  of  tha  pandulun  aa  raault  of  period io  ohanga  in 
mass  distribution  aoquiras  an  aoeeleration  in  horisontal  diraotion  parpandioularly 
to  the  plane  of  rolling^  i«e«  in  asimuthal  plana*  In  other  words  tha  panduluic 
shows  the  rapidly  progressing  deformation  of  the  initial  rolling  plane  with  its 
simultaneous  turning  as  raault  of  pariodio  ohanga  in  oantar  of  naaa  of  the  oom- 
ponent  load* 

For  a  pendulinn  with  solid  load  ia  introduced  a  oonoapt  of  given  length  1^^ 
determinable  as 

where  1  -  distance  from  point  of  suspension  to  oantar  of  gravity^  tf-nass  of  pen¬ 
dulum  and  J  -  moment  of  inertia  of  the  pendulum  relative  to  the  axis  of  rotation^ 
detorninable  by  formula 

where  n-number  of  partioles^  ra^  mass  of  1  particle  and  r^-lts  distanoa  from  point 

of  pendulxam  suspension*  For  a  pendulxim  with  solid  load  tha  value  1.  and  J  remain 

o 

tuiohanged  in  the  prooess  of  its  oaoillation*  For  a  pendulum  with  oonponent  load 
they  change  in  the  process  of  ase Illation  and  are  axprassad  by  ratios 

where  l^.p  and  -  their  oon'Wttnt  qomponants^  parxaining  to  tha  shelly  1^  and 
Jts  g  their  variable  oomponantSf  partaiaiag  to  tha  filler*  If  for  a  pendulum 
with  component  load  1^^  would  designate  tha  given  length  during  tha  affaot  of  tha 
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gravity  foroa  and  ~  during  tha  affaot  of  gravitation  and  Coriolis  foroas  and 
raspactivaly  by  and  ^2  “  li<iuid  filler,  than  wa  will  obtain, 

that  undar  tha  affaot  of  tha  gravitation  foroa  only 

(Sj 

and  undar  tha  affaot  of  gravitation  and  Coriolis  foroas 

In  the  role  of  oritaria,  oharact arizing  tha  damonstrating  qualitias  of  a  pan 
dulum  with  oomponant  load,  it  is  convenient  to  select  the  difference 

2  9  which  according  to  formulas  (5)  and  (6)  and  with  consideration  of  (3) 
equals 

Af,  — />B.e« 

•  JTl 

where  J^p  ^2“  static  moment  of  inertia  of  the  filler  in  equilibritun  position  and 
Jqp  g2“  sioment  of  inertia  of  the  filler,  the  form  of  which  was  changed  by  the 
effect  of  the  Coriolis  force. 

Considering,  that  according  to  (?)  the  change  in  given  length  of  the  pendu¬ 
lum  with  component  load  depends  on  the  change  of  given  filler  length  (active 
factor)  at  unchanged  given  length  of  the  shell  (passive  factor),  we  arrive  at  a 
conclusion,  that  in  preparing  such  a  pendulum  it  is  necessary  to  make  efforts 
that  the  mass  of  the  filler  should  be  possibly  greater  in  comparison  with  the 
mass  of  the  shell  (suspension  mass  can  be  disregarded). 

In  this  way,  as  result  of  change  in  mass  distribution  of  the  component  load 
at  the  time  of  pendulum  movement  the  latter  executes  parametric  oscillations 
under  the  effect  of  Coriolis  forces.  The  parameter  appears  to  be  the  given  length 
of  the  penduliim,  periodically  changing  \indsr  the  effect  of  Coriolis  forces,  chang¬ 
ing  the  form  of  the  moving  filler  with  free  surface,  and  consequently,  also  the 
moment  of  inertia  of  the  pendulum.  By  the  presence  of  parametric  oscillations 
does  the  proposed  pendulum  differ  from  f*uko  and  Poshekhonov  pendulums,  executing 
forced  oscillations. 
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Parametrlo  oacillationa^  aa  la  known^  are  executed  much  eaaler^  the  gT99.tBT 
the  change  in  parameter  and  the  analler  the  energy  loaaea  in  the  ayatem  on  account 
friction  or  resistance,  Conaequently,  to  reduce  the  time  of  increasing  the 
effect  to  visually  observed  value  it  is  necessary  to  try  and  reduce  energy  losses 
on  account  of  suspension  friction  and  resistance  to  aslrauthal  displacement  of  con- 
porant  ioad^  and  also  on  account  of  friction  during  the  displacement  of  the  Hqui'i 
with  respect  to  the  flask.  The  presence  of  filler  friction  against  the  fianir  th 
the  Tagging  in  its  diaplacemes*  relative  to  the  force  may  distort  the  erperiment- 
aT  results^  and  the  imperfection  of  the  suspension  may  lead  to  additional  defor:?- 
titions  of  name  during  the  rolling  of  t^e  penduTuir,  In  thin  cane  the  effect,  ob¬ 
served  in  the  experiment,  may  depend  only  in  a.  slight  degree  upon  the  Coriolis 
forces.  That  is  why  the  filler  must  have  as  much  as  possible  a  greater  free  sur¬ 
face  and  non-wettability  with  respect  to  the  material  of  the  shell,  and  the  sus¬ 
pension  should  be  elastlcally-symmetrical  relative  to  the  vertical  of  the  sub- 
ponaion, 

A  favorable  combine t ion  appears  to  be  the  use  of  mercury,  having  greater 
specific  weight  and  table  tennis  (ping-pong)  balls.  The  latter  are  of  low  weight 
( ^*5  5)  at  considerable  volume  (•«•  15  cm3  liquid  at  half  filling)  and  greater 
strength  (filled  with  water  when  falling  from  a  height  of  2,4n,  remain  in  tact). 
They  submit  easily  to  mechanical  treatment,  do  not  contaminate  the  filler,  are 
inexpensive  and  can  be  obtained  in  any  euBoxmt, 

To  make  a  pendulum  in  the  ball  are  made  (drilled  or  burned  through)  two  holes 
of  different  diameters  spaced  at  a  small  ilstanoe  from  eaoh  other  and  through 
the  larger  one  the  ball  is  filled  to  half  (to  the  middle)  with  a  non-wettable 
liquid,  best  of  all,  with  meroxiry.  Then  some  water  is  added  (to  prevent  possible 
evaporation  of  the  mercury).  On  one  end  of  the  euepenslon  (string  or  other  thin 
metal  wire)  0,25  -  0,5  m  in  length,  ia  fastened  a  rubber  ball,  the  diameter  of 
which  corresponds  to  the  diameter  of  the  larger  opening  in  the  ball,  'Rie  free 
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end  of  the  suspension  is  then  run  through  the  largrer  and  smaller  openings  of  the 
hnll  and  the  larger  opening  is  pasted  up«  The  free  end  of  the  suspension  is  passed^ 
wit>i  the  aid  of  a  need Isj through  a  rubber  plate  of  about  1  om  in  thioknews  (o«g* 
through  a  school  eraser)  and^  after  removing  the  needle^  it  is  tied  in  a  knot.  If 
the  TMbher  plate  is  then  fastened  horisontally  at  the  height  of  greater  length  of 
peni  jluir,  then  the  thread  of  the  suspension^  fastened  hy  knots  in  the  lower  part 
of  the  ball  and  in  the  upper  side  of  the  plate  will  tie  the  load  with  point  of 
suspension  not  by  rigid  fastenings,  but  by  means  of  elastic  (rubber)  symmetrical 
buffers,  reducing  to  a  minimum  the  additional  deformations  of  the  suspension,  thus 
•’ncreasirg  the  relative  effect  of  the  Coriolis  force. 

A  r-'Vematic  drawing  of  a  pendulum  with  component  load  is  shown  in  the  illust 
ration,  where  it  is  designated i  l-shell|  2-filler  (mereury)f  3-water|  4-buffer 
rxibber  ball}  5“Suspension  thread}  6-buffer  rubber}  7-knots  of  suspension  thread, 

'"o  start^ the  pendulum  is  burned  through  thread  8,  which  holds  it  in  initial  de¬ 
flected  position.  Such  a  pendulum  at  an  initial  angle  of  inclination  of  about  10" 
assures  within  3-5  after  the  starting  at  a  latitude  of  about  60*  (in  Leningrad) 
n  direct  observation  of  the  effect  of  Earth’s  rotation  on  tt i  its  rolling  plane 
becomes  deformed  and  turns  in  ere  direction  trying ^to  settle  in  plane  of  geograp- 
■'ic  paral''el  (in  East-West  direction)  and  in  this  aspect  appears  to  be  a  peculiar 
oempass.  The  effect  appears  most  vividly  when  the  initial  plane  of  pendulum  os¬ 
cillation  is  in  direction,  close  to  North-South  direction,  at  which  the  displac¬ 
ing  effect  of  the  Coriolis  force  on  the  filler  appears  *c  be  rar’mTiin, 

?uch  a  peniulu—  i  table  tennis  ball  with  mercury  half  filler  and  men¬ 

tioned  buffer  suspension  assures  the  observation  of  the  effect  at  a  suspension 
length  of  0,25  -  0«5 

Observations  can  be  conducted  by  the  shadow  of  the  load,  derived  under  it  on 
a  sheot  of  paper  with  a  system  of  radial  lines  from  an  electric  light,  situated 
at  the  point  of  pendulum  suspension. 
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In  this  way,  the  pendulum  with  liquid  filler  has  the  ability  of  accunulatinff 
tno  actions  of  small  Coriolis  accelerations,  ietsctinff  the  effect  of  Coriolis 
force n  on  llquid^solij  pendulum  load,  in  contrast  to  Fui:o  and  Poshekhonoc  pend- 
ulxiMs,  demonstrating  its  effect  on  a  solid  load.  It  appears  to  he  a  peculiar  com- 
riss,  indicating  direction,  perpendicular  to  true  (geographic )  meridian, 

r 


t 
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